We present and discuss numerical results from simulations of the air-water • A bi-dispersed model is used to simulate an annular gap bubble column.
Introduction

10
Bubble column reactors are well known for their low price-performance ratio an influence on the prediction of the turbulence intensity at higher flow rates. This subdivision approach has been firstly introduced in simulations using a 
260
The paper is organized as follows. In Section 2 the experimental setup is 
281
In this study, the gas holdup data obtained by measuring the bed expansion 
288
• the transition between the homogeneous and the transition regimes;
• the transition between the transition and the heterogeneous regimes.
290
However, in the literature, many authors consider only the first regime transi-291 tion, without any reference to the second one, except for a limited number of 292 studies. In the following, for the sake of clarity, we refer to the "flow regime The values of gas density (used to compute the gas superficial velocity) are Each part of the model will be described in the following subsections. The sparger is modeled as a uniform cylindrical surface with a height of 0.01 
317
The fluid domain is discretized using hexahedra and various mesh element without mass transfer, the U-RANS governing equations for the k-th phase are
The second term on the right-hand side of Eq. 2 includes the viscous and ity and the interfacial momentum exchanges between the phases. The latter 335 comprises diverse independent physical mechanisms: drag, lift, virtual mass, turbulent dispersion, and wall lubrication forces
The present study includes two classes, or groups, of bubbles to account for 338 the dynamics of small and large bubbles. As such, the water is considered the 339 continuous phase and air is modeled using two dispersed phases with a distinct 340 equivalent bubble diameter. 
The drag force is a resistive force arising from the presence of a relative 
where C D is the drag coefficient. In the present study, the drag coefficient be- In this formulation, C D depends on the bubble Reynolds number
and the Eötvös number
No drag force interaction is taken into account between the two dispersed 364 phases. 
Lift force 366
The lift force is a transverse force originating in a shear flow. It is imple-
The lift coefficient C L depends mainly on the shape and dimension of the bubble.
369
For small spherical bubbles, C L is positive while it is negative for large deformed 
where C TD = 1, σ jk = 0.9, and µ A bubble moving near a wall is subject to a lift force that pushes it away 392 from the wall. This force is often mentioned as the wall lubrication force and is
where (u k − u j ) is the relative velocity component parallel to the wall and 395 n w is the unit normal to the wall pointing toward the fluid. C WL is the wall 396 lubrication coefficient, which depends mainly on the distance to the wall and is
397
given here by the model of Antal et al. (1991) 398
where C W 1 = −0.01 and C W 2 = 0.05 are dimensionless constants and y w is the 399 distance to the nearest wall. neglected. This is a matter of future studies. sub-BSD as follow 
435
In this study, the latter method will be used for all the gas superficial ve- and Inzoli, 2016a). As a consequence, additional results using the experimental 440 equivalent diameters at these gas superficial velocities will be shown for com-
441
parison. The diameters implemented in the simulations are listed in Table 2 442 according to the method used. t , and the average mixing length,l, in bubble columns:
443
These give equations for the bulk liquid turbulent kinetic energy,k L , and bulk 470 liquid turbulent dissipation rate,¯ L , in bubble columns:
Here, the factors C The bulk liquid turbulent specific dissipation rateω L , is given as and number of outer iterations studies, when the medium, fine, and optimized 522 meshes were used (see Table 1 for the characteristics of the meshes). The largest 523 relative variations are obtained when the mesh element size is reduced. Thus,
524
for the sake of conciseness, only the study on the mesh element size is reported 525 in this paper.
526
All the simulations are performed using the arbitrary input method and the 527 other settings listed in Section 3. Steady-state and statistically periodic tran- higher. Such conclusion is in accordance with the study by Ziegenhein et al.
528
549
(2015).
550
Results
551
Simulations of the air-water flow in the annular gap bubble column were 552 performed at gas superficial velocities ranging from 0.004 m/s to 0.225 m/s.
553
First a comparison between mono-and bi-dispersed approaches is presented,
554
highlighting the importance of considering separately small and large bubbles 555 dynamics. Then a comparison between input methodologies for the inlet gas 556 volume fraction and equivalent diameter of bubbles groups is carried out to 557 estimate the sensitivity of the predictions to the gas inlet data. 
566
Comparison of the holdup curves obtained using these models against ex-567 perimental data is given in Figure 4 . We note significant deviations from the 568 experimental data when the mono-dispersed approach is implemented. In par-569 ticular, simulations with only small bubbles overestimate the gas holdup while it is underestimated by simulations with only large bubbles. Qualitatively, we 571 observe that in the former cases, the initial non-uniformity due to the local gas 572 injection rapidly vanishes and the gas phase spreads all-over the column cross- observed that in the case of large bubbles only, the initial non-uniform gas dis-581 tribution remains concentrated around the internal pipes long after the inlet 582 section, as depicted in Figure 5 , meaning that the spreading of the gas phase 583 is much slower than for small bubbles. This leads to higher gas velocities and,
584
as a result, to underestimated gas holdups. This is explained by the negative 
